PCR is a powerful molecular technique that yields large amounts of a desired DNA fragment, even from a complex mixture or from a very small amount of starting material. With PCR, billions of copies of a specific target sequence can be produced in a very short period of time (~1.5 hour).
To perform PCR, one must start with a small amount of DNA containing a region that one wishes to amplify, as well as with 2 primers that define the area that is to be amplified. One primer binds to and defines the 5' end on one of the two strands of DNA and the other primer binds to and defines the 5' end of the other DNA strand.
Why might it be desirable to make billions of copies of a target sequence?
Although all individuals of the same species share >99% of the same DNA sequence, the human genome varies slightly from one individual to another. These differences in the human genome are known as genetic polymorphisms. Most of these polymorphisms are located in nonregulatory regions between genes, although some are located within genes or gene regulatory regions (e.g., gene promoters). Genetic polymorphisms between individuals have often been used to assess ancestry (e.g., paternity testing) or culpability (e.g., criminal forensics). They have also recently been employed to verify the source and identity of cultured cells.
Even if a genetic polymorphism lies within a gene or within a regulatory region, it is not considered as gene mutation because the gene will be transcribed and the products that are produced via transcription will function. Although this is true, genetic polymorphisms within a gene's coding region can lead to alternative products that function slightly differently from one individual to the next; similarly, if the genetic changes are located within a gene's promoter region, polymorphic differences between individuals can lead to alternative regulation of protein production. Because either change could have functional significance (Hariri, 2004; Stein, 2006; Ebstein, 2006; Zuckerman, 2007) , PCR has more recently been employed in an attempt to link genetic polymorphisms to human behavior. Indeed, recent research into the biological underpinnings of personality and behavior has suggested that genetic polymorphisms (such as those in the type 4 dopamine receptor and the serotonin transporter) may be correlated with specific behaviors (Ebstein, 2006) . PCR can be used to amplify polymorphic regions of an individual's genome to assess genetic differences among individuals.
In this exercise, human DNA will be subjected to PCR using primers that bracket polymorphic regions. Each of the regions being amplified in this exercise is in a non-coding region of DNA. The polymorphisms being analyzed in this exercise vary in the number of DNA sequence repeats; the length of an amplified product will depend on the number of times the particular sequence is repeated. This type of polymorphism is known as a 'Variable Number of Tandem Repeats', or VNTR. We will be examining three different genes, each of which has multiple VNTRs. Because the DNA we are using as a template has been isolated from individuals who are diploid, two 'copies' (i.e., alleles) of each gene will be amplified. It is therefore possible (indeed likely) that each sample carries two different VNTR versions (i.e., the DNA is derived from a heterozygous individual). On the other hand, it is also possible that the sample being subjected to PCR carries two identical VNTRs (i.e., is derived from a homozygous individual),
Experimental Protocol
1. Label the top of a sterile 0.2ml microcentrifuge tubes with your initials. These will be your reaction tubes. Transfer 5ls of source DNA into the labeled tube. Be sure to pipet from just below the top surface of the liquid when transferring your DNA. Place the tube containing DNA on ice to keep it chilled.
IN ALL CASES, BE SURE TO CHANGE YOUR TIP BEFORE TRANSFERING A
DIFFERENT SOLUTION OR GOING INTO A DIFFERENT TUBE!!! 3. In the ice bucket on your bench you will find a tube labeled H2O. Transfer 12.5l of water to the tube containing your DNA. 4. In the ice bucket on your bench you will find a tube containing the green '5x GoTaq Buffer'.
Transfer 5l of the green buffer to the tube containing your diluted DNA. 5. In the ice bucket on your bench you will find a tube labeled 'dNTPs'. Transfer 1l of the dNTP solution to your reaction tube. 6. In the ice bucket on your lab bench, you will find several tubes tube labeled in various ways (e.g., MAO-1, TPA ALU, etc.). In these tubes are mixtures of paired forward and reverse primers for known polymorphic regions in the human genome. The primer pair that you choose will define the outer areas of what you will amplify during PCR. Transfer 1l of one of the primer pair mixtures to your reaction tube. 7. Finally, at the front of the room your instructor will have a tube containing the polymerase; it will be labeled 'GoTaq'. Transfer 0.5l of the Taq polymerase to your reaction tube. 8. Your sample is now ready for PCR amplification; it should contain a total volume of 25ls.
Keep your reaction tube on ice until everyone in the class is ready. When all the reaction set ups are complete, place your tube in a slot of the thermocycler, taking note of into which slot your sample has been placed.. The thermocycler will be started by your instructor after all of the tubes are in place. The amplification will proceed for approximately 1.25 hour using the following procedure: . A 2% agarose gel has been prepared for this lab. When the polymerase chain reaction is complete, the amplified DNA samples will be subjected to electrophoresis. In addition to agarose that has been dissolved in a buffer solution, the gel also contains an intercalating agent, ethidium bromide, which will enable visualization of DNA under ultraviolet light. 10. Obtain your amplified DNA sample. Carefully remove 20ls of the reaction mixture. 11. Load the entire 20ls into one well of the gel. Pipet slowly and carefully so that the sample does not come back out of the well. Take care not to force air into the well behind the sample. Be sure to remove your pipet from the well prior to releasing the plunger so as not to aspirate your loaded sample. 12. Once all the samples are loaded, the instructor will load a molecular weight standard (a 'DNA ladder' of known molecular weight fragments). These will help identify the sizes of each allele when the electrophoresis is complete.
13. The instructor will start the gel, which will run at 90 volts for 1.5 hours. 14. Following electrophoresis, which separates DNA fragments (i.e., our PCR products) by molecular size, the possible VNTR alleles at this gene locus will be distinguishable based upon the distance each product has migrated. The smallest band in the DNA standard is 123 base pairs in size; the ladder fragments increase in size by 123 base-pair increments.
